Abstract The extension of the suture zone between the Siberian and Kazakhstan continents in China has been a matter of debate because few outcrops of ophiolitic m elange have been found so far. The recently found Tuerkubantao ophiolitic m elange, which is located east of the Kekesentao Mt. in the Buerjin County of the Chinese Altay, provides an important clue for this problem. This paper presents the results of field investigation, petrology, U-Pb isotope dating of zircons and bulk-rock geochemistry of the Tuerkubantao m elange rocks. The m elange consists of fault-contacted ultramafic rocks, gabbro, diabase, basalt, flysch and granitoids. The ultramafic-mafic rocks are Mg-rich ( # Mg Z 4.25e6.35) and w(SiO 2 ) spans 38.8%e46.8%. Basalt and gabbro are geochemically similar and are characterized by low w(FeO t ) (10.9%), total alkali w(Na 2 O þ K 2 O) Z 2.58%) and w(TiO 2 ) (1.17%) and affinity to the Mg-rich tholeiite series. The flat REE and trace-element patterns of the ultramafic-mafic rocks are indicative of their ophiolite origin, i.e., formation in a mid-oceanic ridge setting. (2012) 587e602 spreading and oceanic subduction accompanied by suprasubduction magmatism. The Tuerkubantao ophiolite together with the Qiaoxiahala and Buergen ophiolites of the Kekesentao belt define an ophiolitic m elange belt extending along the Erqis fault. This belt probably belongs to the UralZaisan-South Mongolian suture-shear zone formed during the subduction of the Paleo-Asian Ocean and subsequent collision of the Siberian and Kazakhstan continents. ª 2012, China University of Geosciences (Beijing) and Peking University. Production and hosting by Elsevier B.V. All rights reserved.
Introduction
It is generally accepted that the Central Asian Orogenic Belt (CAOB), the world's largest accretionary orogen, was largely formed by subduction of the Paleo-Asian Ocean and accretion of oceanic seamounts and plateaus, ophiolites and collision of ancient microcontinents, arc terranes and successions of passive continental margins (Seng€ or et al., 1993; Yin and Nie, 1996; Jahn et al., 2004; Safonova et al., 2004 Safonova et al., , 2011 Xiao et al., 2004 Xiao et al., , 2009 ). The CAOB includes the Ural-Zaisan-South Mongolian zone, which is a suture of the Paleo-Asian Ocean (PAO), which once separated the Altai-Mongolian and Kazakhstan-Junggar terranes (Xiao et al., 1992 (Xiao et al., , 2004 He and Li, 2000; Buslov et al., 2001 Buslov et al., , 2004 Badarch et al., 2002; Yakubchuk, 2004; Li et al., 2006a; Wu et al., 2006; Rippington et al., 2008; Glorie et al., 2011; Pirajno et al., 2011; Long et al., 2012) . Remnants of paleo-oceans are preserved in ophiolitic belts and ophiolitic m elanges, the study of which is necessary for unraveling their evolution in the context of global plate tectonics (Coleman, 1977; Pearce et al., 1984; Stern et al., 1989; Bloomer et al., 1989; Gribble et al., 1996; Safonova et al., 2009; Dharma Rao et al., 2011) . However, fragments of paleo-ophiolites are usually sparse and discontinuous in the Ural-Zaisan-South Mongolian zone. It is still unclear where is the suture boundary between the Siberian and Kazakhstan continental blocks in China, how far the ophiolitic belt extends and how it is linked with other ophiolite occurrences of the CAOB. For example, according to Zonenshain et al. (1990) and Yakubchuk (2004) the Zaisan ophiolitic m elange in East Kazakhstan has no continuation in China. However, the southern Altaids host numerous ophiolite slivers, which are interpreted by many Chinese geologists as fragments of the Siberia-Kazakhstan suture, which extends into China and includes: (1) the Erqis fault (Ren et al., 1980) , (2) the Kelamali ophiolite belt (Li et al., 1982; Ma et al., 1997) , (3) the AermantaiZhaheba-Kekesentao ophiolite belt (He et al., 1990 (He et al., , 1994 , and (4) the Kekesentao ophiolitic m elange belt (Wang et al., 1999) .
The Erqis fault has been previously considered as a strike-slip zone with a thick mylonite zone (Seng€ or et al., 1993) , and as a narrow sliver containing 10e15 km-wide mylonite zones, which has undergone a sinistral displacement to a distance of at least 1000 km (Seng€ or et al., 1993; Laurent-Charvet et al., 2003; Buslov et al., 2004) . In northern Xinjiang the Erqis fault is named Erqis-Buergen tectonic zone and many researchers regarded it a suture-shear zone as well (Ren et al., 1980; Wang et al., 1999) . However, it is hard to identify this suture conclusively because there are few outcrops of "ophiolitic m elange". Although many geologists have speculated about an ophiolitic belt along the Erqis tectonic zone (Zhang, 1981; Liu, 1983; Cao, 1994; He et al., 1994; Chen et al., 1997; Niu et al., 1999 Niu et al., , 2006 Yu et al., 2000; Zhang and Zhou, 2001; Wang et al., 2003; Xu et al., 2003; Zhang et al., 2003b Zhang et al., , 2008b Li et al., 2006a; Xiao et al., 2009 ), ophiolite complexes have been so far confirmed only in the Qiaoxiahala and Buergen localities, east of the Erqis zone (Wu et al., 2006) . The Kekesentao "quasi-ophiolite", which is located west of the zone, has been reported before many times (Zhang, 1981; Cao, 1994; He et al., 1994; Zhang et al., 1996; Xu et al., 2001; Wang et al., 2003; Niu et al., 2006; Wang and Xu, 2006; Xiao et al., 2009; Dong et al., 2010) , but the previous researches mentioned ultramafic rocks only without gabbro, submarine basalt and deep-sea sediments. Therefore, its detailed study seems to be necessary.
During the recent field studies of the Kekesentao mountains area located southwest of Buerjin town, North Xinjiang, we discovered a set of ultramafics, gabbro, diabase, basalt and flysch formations in the Tuerkubantao district. We studied this section and recognized it as a fragment of ophiolitic m elange. This paper presents U-Pb zircon ages and petrologic and geochemical data on Tuerkubantao m elange-hosted ultramafic rocks, gabbro, basalt, diorite and granite.
Regional geology and rock lithology
The newly discovered Tuerkubantao ophiolitic m elange is located east of the Kekesentao Mountain and is a part of the Kekesentao ophiolite belt (Fig. 1) . The available outcrops in the Kekesentao area are dominated by the Middle Devonian Yundukala Formation (D 2 y). According to a Regional Survey Report (1/200,000) of the Geological Bureau of Xinjiang Uygur Autonomous Region (1983), this formation can be divided into two sub-formations. Lithologically, the lower sub-formation (D 2 y a ) is sandy slate intercalated with siliceous rocks and tuffaceous siltstone and the upper sub-formation (D 2 y b ) is sandy slate intercalated with quartzite, limestone, etc. In addition, in the south, there are outcrops of mudstones, siltstones and limestones of the Lower Carboniferous Nalinkala Formation (C 1 n), as well as calcareous sandstones and mudstones of the Upper Carboniferous Qiaqihai Formation (C 2 q). A Hercynian granitic batholith outcrops in the northern part of the Kekesentao area over approximately 140 km 2 and intrudes the Yundukala Formation (D 2 y). The batholith is dominated by porphyritic biotite granite with subordinate red feldspar giant-grained granite, gray biotite granite, and biotite quartz diorite. There are also intrusions of Hercynian granitic porphyry including haplophyre (porphyroclastic granite), biotite granite porphyry, hornblende granite porphyry, plagioclase granite porphyry, granodiorite porphyry, etc., generally as apophyses or dykes occupying an area of less than 10 km 2 . East of the Kekesentao area, near Tuerkubantao, there are outcrops of gneissic granite and biotite oligoclase granite (Fig. 1) .
The Tuerkubantao ophiolitic m elange is located east of the Kekesentao area and includes fragments of ultramafic rocks, gabbro, diabase, basalt, siliceous rocks, and a flysch formation. The WNW-ESE striking m elange zone is up to 4 km wide (Fig. 2) .
The section includes (from south to north) gabbro, three ultramafics zones, xenolith-bearing gneissic granite, xenolith-bearing flysch formation intercalated with basalt. The Middle Devonian Series of argillite and sandstone (D 2 y) outcrops in the northernmost part of the section. The rock units are separated by faults and zones of shearing and mylonitization, which range in thickness from 10 cm to approximately 2 m.
The layers of ultramafic rocks are about 6 km long and 20e500 m wide (Fig. 3A) . The rocks have been metamorphosed and strongly serpentinized and have clear tectonic contacts with adjacent rocks (Fig. 3B) . Gabbro bodies occur in the southern part of the section (Fig. 2) interspaced with ultramafic rocks. They have undergone low-grade metamorphism and cut by diabase and granitic dykes/veins and contain xenoliths of light-colored rocks (e.g., plagioclase granite). Basalts occur as lava flows and have undergone post-magmatic alteration. Gneissic granite usually contains abundant xenoliths of felsic schist, plagioclase-hornblende schist, hornfels, siliceous rocks, gabbro and granodiorite (Fig. 3C) , which, according to the lithology of surrounding geologic units, could have been derived from the northern Devonian formation and/ or southern ophiolite suite. The flysch formation is dominated by rhythm-like sandy and argillaceous rocks interlayered with thinbedded siliceous rocks, chlorite schist, basalt and mafic tuff (Fig. 3D) , which also contain numerous xenoliths of altered and deformed granodiorite and granite (Fig. 3E) . The formation contains no chert and carbonate. Like other rock units of the ophiolitic m elange, the flysch formation shows fault contacts with ultramafic rocks.
Petrology
The ultramafic rocks of the study area are mainly lherzolite and peridotite possessing poikilitic texture (Fig. 4A) . The mineral assemblages are dominated by olivine and clinopyroxene with subordinate hornblende and orthopyroxene and accessory picotite (Fe-Cr spinel), magnetite and sulfide. Gabbro is medium to coarse grained with pyroxene poikilitic texture (Fig. 4B) and consists of labradorite, augite and less abundant hornblende and magnetite. Diorite and granodiorite are medium to coarse granular (Fig. 4C) , with dominate hornblende, oligoclase to andesine plagioclase, subordinate biotite and quartz and accessory sphene, apatite and magnetite. Macroscopically, the xenoliths of fine-grained granitoids look fresh, red, gray or creamy white. Microscopically, they possess porphyroid structure (Fig. 4D ) and contain quartz (20%e 35%), plagioclase (20%e50%), potassium feldspar (10%e50%), subordinate biotite, and accessory apatite and zircon. Gneissic granite is grayish white and possesses medium to fine-grained structure (Fig. 4E) ; its mineral assemblage consists of dominant oligoclase, microcline (often as perthite intergrowths), and quartz, subordinate biotite and accessory apatite, zircon, tourmaline, and garnet. Gray and green massive or sheared basalts are dominated by clinopyroxene, which is almost completely replaced by lightcolored hornblende, and sericitized plagioclase (Fig. 4F ).
Methods
We have systematically collected samples of various rocks of the ophiolitic m elange (Figs. 2 and 3 ). Based on careful microscopically study, we selected several representative samples for geochemical analysis (major and trace elements). The major elements were analyzed by a XRF-1500 X-ray fluorescence spectrometer in the Key Laboratory of Mineral Resources of the Institute of Geology and Geophysics, Chinese Academy of Sciences and by a Philips PW2404 X-ray fluorescence spectrometer in the Analytical Laboratory of CNNC Beijing Research Institute of Uranium Geology. The slice melting method was applied for determining concentrations of SiO 2 , TiO 2 , Al 2 O 3 , Fe 2 O 3t , MnO, MgO, CaO, Na 2 O, K 2 O and P 2 O 5 , the potentiometry method e for CO 2 , the weight method e for H 2 O þ and H 2 O À and the volumetric method e for FeO. Rare earths and trace elements were analyzed by inductively coupled plasma mass spectrometry (ICP-MS) using the "In" internal standard solution on an "ELEMENT" analyzer in the ICP-MS Laboratory of the Institute of Geology and Geophysics, Chinese Academy of Sciences. For quality control the standard and parallel samples were analyzed during all analytical runs. The data were carefully verified and, if necessary, corrected to achieve their high accuracy.
The analytical results are shown in Table 1 . The details of U-Pb zircon dating analytical procedure are presented in Section 6.
Geochemistry

Major elements
The concentrations of SiO 2 , Al 2 O 3 , FeO t $(FeO þ 0.899 * Fe 2 O 3 ), MgO and CaO in Tuerkubantao peridoties and lherzolites are close to the average values of these major oxides in ophiolite-type ultramafic rocks of China, which were calculated by Dong et al. (1995) . In contrast, the concentrations of other major oxides, Figure 4 Photomicrographs of the Tuerkubantao ophiolite. A: pyrolite (K9822-1); B: gabbro (K9822-12); C: diorite (K9822-11); D: granite (K9822-6); E: gneissic granite (K3815-7-2); F: basalt (K9822-7). Mineral index: Ol e olivine; Srp e serpentine; Cpx e clinopyroxene; Hol e hornblende; Bt e biotite; Pl e plagioclase; Kfs e potassium feldspar; Qz e quartz; Ms e muscovite; Ser e sericite. (Fig. 5a ) are characterized by low alkali and high FeO t and MgO contents. The ratio of K 2 O/Na 2 O is less 1 suggesting that these rocks belong to the sodium rock series. Compositionally, the granitoid xenoliths are similar to the standard alkali granite (Wang and Zhou, 1982) with relatively low Al 2 O 3 , high (Na 2 O þ K 2 O) and medium alkalinity, s value varies between 1.15 and 2.45. The ratio of K 2 O/Na 2 O is variable and can be both less and more than 1. The chemical compositions of the diorite xenoliths are similar to the average compositions of worldwide diorites (Wang and Zhou, 1982) , but have lower SiO 2 and Na 2 O contents and higher MgO and K 2 O contents. Accordingly we regard them as high-potassium basic diorite.
Thus, the above lithological types, i.e., peridotite, gabbro and basalt, are enriched in MgO, which is consistent with their suggested ophiolitic origin. The chemical compositions of gabbro, diorite, granodiorite and gneissic granodiorite are transitional in the SiO 2 -K 2 O diagram: all samples plot on the line separating the low-potassium (tholeiitic) and medium-potassium (calc-alkaline) series (Fig. 5b) . The xenoliths of granitoids (granite and diorite) are enriched in alkali, especially in potassium resulting in K 2 O/ Na 2 O > 1.
Trace elements
The concentrations of the REE in mafic-ultramafic rocks are relatively low: SREE is commonly lower than 50 ppm, less than 10 ppm in peridotite, 10e15 ppm in gabbro, and 44.91 ppm in basalt. The LREE and HREE are relatively low fractionated (Fig. 6a) : the ratios of SLREE/SHREE range from 1 to 2, (Gd/Yb) n 1, (La/Sm) n 1. The gabbro and several peridotite samples display distinct positive europium anomalies, which is indicative of plagioclase accumulation. The mafic and ultramafic rocks generally show incompatible element depleted MORB-normalized traceelement diagrams (Fig. 6d) . The contents of incompatible elements in peridotite are lower than the MORB values. The gabbro is relatively enriched in the LILEs (Sr, Rb, Ba, Th) but depleted in incompatible elements. The LILEs in basalt are slightly higher than those in MORB. The trace-element pattern of the basalt is similar to that of tholeiitic and transitional MORB, but is distinctively different from those typical of island-arc basalts (IAB) and/or calcalkaline basalts (CAB), which are characterized by much larger Nb and Ta minimums (Pearce, 1982) .
The diorite, granodiorite and gneissic granite are characterized by slightly higher REE ranging from 60.53 ppm in diorite to 125.88 ppm in gneissic granite. The REE patterns (Fig. 6b) LREE enriched (SLREE/SHREE > 4) and show undifferentiated HREEs. The REE patterns of these intermediate to felsic rocks possess negative Eu anomalies except for the diorite, which has a positive Eu anomaly similar to that of the gabbro. The MORBnormalized trace-element diagrams (Fig. 6e) of the diorite, granodiorite and gneissic granite are enriched in the LILEs and, to a lesser degree, in medium incompatible elements, but depleted in compatible elements. The concentrations of the LILEs gradually increase from gabbro to diorite, granodiorite and, finally, to gneissic granite possibly indicating an increasing degree of fractional crystallization. The negative Ba anomaly and positive Th anomaly in the trace-element patterns of all samples may result from redox conditions, e.g., in a deep-water environment, or diagenesis.
The SREE of the granitoid xenoliths (50e85 ppm) is lower than that of the granodiorite. Their REE patterns are similar to those of the hosting rocks (Fig. 6c) , however, the ratios of SLREE/ SHREE in the xenoliths are slightly lower than those in the diorite, granite and gneissic granite. The REE patterns of all xenoliths have negative Eu anomaly, but their dEu values are lower than those in the felsic diorite and granodiorite dykes and in the gneissic granite. The trace-element patterns are enriched in the LILEs but not in other elements (Fig. 6f) and are different to those of the hosting magmatic rocks.
Zircon dating
We analyzed zircons from the gabbro, gneissic granite, granitoid xenoliths in gneissic granite and flysch. After crushing the samples and separating zircons using standard methods, we selected representative zircon grains and studied them under a scanning microscope to obtained cathode luminescent and back scattered emission images. The U-Pb dating of zircons was performed in the Research Center of University of Tasmania, Australia (CODES), by using a HP4500 quadrupole ICP-MS equipped with a 213 nm New Type laser ablation machine. Temora standard (Black et al., 2003) and 91500 standard (Wiedenbeck et al., 1995) were used as main and supplementary zircon standards, respectively. The laser beam of 20 mm, 5 Hz and 12 J/cm 2 was limited to an analytical cycle of 0.2 s. The errors were corrected according to the methods of Black et al. (2004) and Harris et al. (2004) . The standard error was estimated based on the error of standard samples. The contents of elements were recalculated by a method of Kosler (2001) . The results of U-Pb zircon dating are shown in Table 2 and illustrated in Figs. 7 and 8. Eight zircon grains were analyzed from the gabbro sample K3815-3, among which two zircon grains have coherent internal structures and clear shapes (spots 3 and 8 in Table 2 ). Cathode luminescence images of the other six grains show inherited cores and oscillatory zoning (Fig. 7a) . The cores and rims were analyzed at 14 spots ( Table 2 ). The U-Pb ages of 10 spots are between 351 and 383 Ma, Th/U ranging from 0.25 to 0.98 in most of the spots suggesting their magmatic origin. Except for the 383 Ma age of spot 2, the other nine spots have an average age of 363.8 AE 4.8 Ma (Fig. 8a) , i.e., the Late Devonian, which is probably the time of gabbro crystallization. The cores at spots 1, 3, and 10 yielded Pb-Pb ages between 1850 and 1886 Ma, (late Paleoproterozoic), which is probably the age of the crystalline basement.
The U-Pb ages of 14 zircon grains from gneissic granite sample K3815-7-3 range from 350 to 969 and one spot yielded a Pb-Pb age of 2182 Ma (Table 2) . Five zircon grains (spots 1, 7, 11, 13 and 14) are of magmatic origin, because they are colorless and transparent, well-shaped, possess oscillatory zoning, Th/U Z 0.44e0.72, and the contents of Th and U are positively correlated. The U-Pb ages of these magmatic zircons cluster near the concordia, between 350 and 359 Ma, with an average of 355.4 AE 6.9 Ma, i.e., the probable age of granite crystallization is Late Devonian. The other eight zircon grains (spots 2, 3, 5, 6, 8e10, 12) are also colorless, transparent, well-shaped, possess oscillatory zoning (Fig. 7b) , Th/U Z 0.18e0.98 and most of the values are between 0.18 and 0.29. Their 206 Pb/ 238 U ages are discordant ranging from 369 to 969 Ma (Fig. 8b) . One zircon grain (spot 4) has an inherited old core with a Pb-Pb age of 2182 Ma, indicating Middle Paleoproterozoic crystalline basement.
Most of the 13 zircon grains from sample K3815-8-1 (diorite xenolith in gneissic granite) are colorless, transparent and wellshaped (Fig. 7c) . The Th/U ratios range from 0.31 to 1.26 with the majority higher than 0.4 and the contents of Th and U are well correlated suggesting their magmatic origin. The U-Pb ages of 11 zircons are between 396 and 518 Ma with an average age of Figure 5 The TAS diagram (a) (after Middlemost, 1994; Irvine and Baragar, 1971) and SiO 2 -K 2 O diagram (b) (after Ewart, 1982) of various rock types from the Tuerkubantao ophiolitic m elange. (Fig. 8c) , however the main cluster of ages (seven zircons: spots 2, 5, 6, 7, 9, 11 and 13), which plot near the concordia, is between 369 and 433 Ma with an average age of 430.1 Ma indicating the Early Silurian age of granite crystallization. Two less transparent zircons (spots 8 and 10 in Fig. 7c and Table 2 ) with Pb-Pb ages of 2632 and 2821 Ma were probably captured from Late Archean basement.
Ma
Ten zircon grains from granite xenolith in the flysch layer (K3815-12) were analyzed at 12 spots. Two zircons have inherited cores and transparent rims in CL images (spots 4 and 9 in Fig. 7d , Figure 6 The REE patterns (a, b and c) and trace-element diagrams (d, e and f) of different rock types from the Tuerkubantao ophiolitic m elange. The normalizing values of chondrite and MORB are from Boynton (1984) and Pearce (1982) , respectively. (Fig. 8d) . The rest CL images show 10 dark gray zircons with relatively high contents of Th, U and Pb (Table 2) . Most of the zircons are characterized by Th/U in the range from 0.35 to 0.94 and positively correlated Th and U, suggesting their magmatic origin, except for spot 1 in zircon with micro-fractures and relatively low Th/U (0.15). The U-Pb ages of these zircons are from 417 to 447 Ma with an average of 425.6 AE 6.1 Ma, i.e., the Middle Silurian.
Discussion
Tectonic setting and age of Tuerkubantao rocks
The flat trace-element patterns of the mafic-ultramafic rocks suggest their affinity to ophiolites. The basalts are associated with maficultramafic rocks of the ophiolite assemblage. They possess flat REE and trace-element patterns (La/Sm n Z 1.00; La/Yb n Z 0.82; Th/Nb pm Z 0.56; La/Nb pm Z 0.73), which suggest their formation in a mid-ocean ridge setting ( Fig. 6a and d) . The granodiorite and gneissic granite fall in the field of volcanic arc granite or syn-COLG in the discriminating tectonic diagram (Table 3 , diagrams not shown). In the R 1 -R 2 diagram, these rocks plot close to mantle granite. As the gneissic granite occurs within the zone of strong deformation and contains numerous xenoliths, we suggest that it formed in a subduction setting simultaneously with the emplacement of ophiolites.
The tectonic setting of formation of granitic and diorite xenoliths is more complex. In the R 1 -R 2 diagram, the diorite xenoliths in basaltic rocks mainly fall into the field of volcanic arc granite, i.e., formed in a pre-collision subduction-related setting. The environment and time of their formation were possibly similar to those of gneissic granite. Two granite xenoliths (K3815-12, K3815-13) possess chemical affinities of volcanic arc or syncollision granite, suggesting their formation in an early magmatic arc setting. Another granite xenolith sample (K9822-6) plots into the fields of within-plate, ocean ridge and mantle granitoids in different tectonic discrimination diagrams. Based on the known Paleozoic ophiolite and trench-arc-basin system in the northern Altay (Wang et al., 1998) , we consider that this granite xenolith might be a product of the same magmatic event as recorded in the northern Chinese Altay.
The 363 Ma isotopic age of gabbro indicates that the Tuerkubantao ophiolitic unit formed in the Late Devonian. The subduction-related tectonic setting of granite formation and the 355 Ma age of gneissic granite may indicate the Late Devonian to Early Carboniferous ophiolite subduction. The Late Silurian age of Tuerkubantao granite and diorite xenoliths (425e430 Ma) corresponds to the 390e441 Ma age of granites exposed in the Chonghuer area of the Chinese Altay . The 2632 and 2821 Ma inherited zircons from granite xenoliths could have been captured from the Altay crystalline basement, because the Junggar terrane is thought to be an "immature" massif lacking Precambrian basement , or recycled.
Extension of the Tuerkubantao ophiolite
There are three fault-bounded and sheared ophiolite belts in the eastern Kekesentao area, Kuerti, Qiaoxiahala-Buergen and Zhaheba-Aermantai (from north to south), which contain ophiolitic m elange. There are two schemes for linking the Kekesentao ophiolite belt with other ophiolites. The first scheme of KekesentaoZhaheba-Aermantai was proposed by early researchers (He et al., 1990; Chen et al., 1993; Shu et al., 2001) . The second scheme of Kekesentao-Qiaoxiahala-Buergen was proposed in recent studies (Wu et al., 2006; Wang et al., 2003) . We prefer the second scheme based on an evaluation of the geological, geochemical and geochronological data (Table 4 ). A possible eastern continuation of the Kekesentao ophiolite can be the Bidz ophiolite in southwestern Mongolia, which extends from NW to SE to a distance of more than 1000 km as a narrow sliver (Badarch et al., 2002) . The Bidz ophiolite consists of tholeiitic pillow basalts, tuffs, cherts, sandstones, siltstones, argillites, and minor thin layers of limestones, intruded by gabbros and diorites. The Devonian age of volcanic and sedimentary rocks is based on regional correlations (Ruzhentsev and Pospelov, 1992; He and Li, 2000; Wu et al., 2006) , because no high-resolution isotopic ages have been obtained for these rocks so far. Major and rare earth element data suggest that Bidz basalts are MORBtype and formed in a mid-oceanic ridge setting (Ruzhentsev and Pospelov, 1992; Ruzhentsev and Mossakovskiy, 1996) . Therefore, we believe that the Bidz ophiolite can be correlated with the Kekesentao-Buergen ophiolite zone (Windley et al., 1994; Wu et al., 2006; Xiao et al., 2009) . A possible western continuation of the Kekesentao ophiolite zone could be the Char ophiolite belt in East Kazakhstan, which is also a suture-shear zone hosting Late Devonian oceanic basalts (Buslov et al., 2001 Safonova et al., 2004 Safonova et al., , 2012 . The Char belt comprises three types of serpentine m elanges: (i) Early Paleozoic subduction m elange including meta-gabbro, metabasalt, metamorphosed deep-water siliceous sediments, eclogites, amphibolites and glaucophane schists; (ii) Ordovician ophiolitic m elange containing blocks of oceanic basaltic lavas and layers of siliceous mudstone and chert; (iii) Late CarboniferouseEarly Permian m elange separating tectonic sheets (Dobretsov et al., 1992; Iwata et al., 1996; Buslov et al., 2001 Buslov et al., , 2004 . Unfortunately, no high-resolution isotopic ages have been reported yet. However, the OPS (oceanic plate stratigraphy) units occur in both types (i) and (ii) m elanges and contain Middle DevonianeEarly Carboniferous radiolarians and conodonts (Iwata et al., 1996; Buslov et al., 2001) , which accords well with the age of the Tuerkubantao gabbro. Furthermore, the co-occurrence of maficultramafic rocks, low-Ti tholeiitic basalts and mid-oceanic ridge basalts in the Char ophiolite belt or suture-shear zone (Polyansky et al., 1979; Buslov et al., 2001; Safonova et al., 2012 ) is similar to that present in the Tuerkubantao ophiolitic m elange.
Implications for the tectonic evolution of Central Asia
The southern Altaids record a long and multi-stage oceanic evolution and accretionary history since the Early Paleozoic. The opening of the Paleo-Asian Ocean probably began in the Neoproterozoic (970e850 Ma, Dobretsov et al., 1995 , and then the ocean underwent at least five important geodynamic stages (Buslov et al., 2001) . There are several different views on the timing of the final closure of the Paleo-Asian Ocean: Early-Middle Devonian Han et al., 1997) , Late DevonianEarly Carboniferous (Windley et al., 1990; Allen et al., 1993; Gao et al., 1995; Buslov et al., 2001; Li et al., 2006b; Zhang et al., 2008a) , or Permian (Sun et al., 1991; Xiao et al., 2006a Xiao et al., , 2008 .
The data presented in this paper indicate that the time of the final subduction is post-Middle Devonian. The 363 Ma age of the MORB-type gabbro and the 355 Ma age of the gneissic granite may correspond to the subduction of the Ob'-Zaisan Ocean crust beneath an active margin of the Siberian continent, prior to its collision with the Kazakhstan continent in Late DevonianeEarly Carboniferous time (Iwata et al., 1996; Buslov et al., 2001 Buslov et al., , 2004 Safonova et al., 2012) . Taking into account the pre-Early Carboniferous age of the Kekesentao ophiolite, the Late Carboniferous age of the intracontinental volcanic Batamayineishan Formation in the Junggar area (Zhang et al., 2009) , and the Middle-Late Carboniferous age of the Ulungur A-type alkali granites in eastern Junggar (293e320 Ma, Wang et al., 1994; Liu and Yuan, 2006) , we accept that the final closure of the PaleoAsian Ocean was after the Late Carboniferous but before the Early Permian.
Conclusions
An ophiolitic m elange containing ultramafic rocks, gabbro, diabase, basalt and flysch formation occurs in the Tuerkubantao district of the Kekesentao area, northern Xinjiang. The maficultramafic rocks and basalts belong to the tholeiitic series and are characterized by low alkali, low TiO 2 and high MgO. The basalts are geochemically similar to MORB, i.e., formed in a mid-oceanic ridge setting. The high-Na and low-K gneissic granite was formed in volcanic arc or syn-collision tectonic settings as a result of oceanic crust subduction. The U-Pb zircon age of gabbro and gneissic granite is from 363 Ma to 355 Ma, indicating that the formation of ophiolite m elange or the subduction of oceanic crust was during the Late Devonian.
The Kekesentao ophiolite, together with the Qiaoxiahala and Buergen ophiolites form an ophiolitic m elange zone along the Erqis fault, which western continuation is the Char ophiolite zone in East Kazakhstan and eastern continuation is the Bidz ophiolite zone in southwestern Mongolia. All these ophiolitic belts are part of the Zaisan (Char)-Kekesentao-South Mongolia geosuture zone separating the Siberian and Kazakhstan continents. Xu et al., 2001 Xu et al., , 2003 Zhang et al., 2003a Wu et al., 2006 Huang et al., 1997 Wang et al., 2003; Xiao et al., 2006b Abbreviations: MORB e mid-ocean ridge basalt; OIB e oceanic island basalt; IAB e island-arc basalt.
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